Abstract Metabolic syndrome (MetS) is a cluster of metabolic abnormalities related to central adiposity and insulin resistance. Its importance is increasingly recognized as it associates with increased risks of metabolic and cardiovascular diseases. These metabolic aberrations of MetS may lead to development of benign prostatic hyperplasia (BPH) and lower urinary tract symptoms (LUTS) in men. A 26.5%e55.6% prevalence of MetS in men with LUTS was reported in worldwide studies. Although the exact biological pathway is not clear yet, insulin resistance, increased visceral adiposity, sex hormone alterations and cellular inflammatory reactions played significant roles in the related pathophysiological processes. Clinician should recognize the cardiovascular and metabolic impacts of MetS in men with LUTS, early risk factors optimization and use of appropriate medical therapy may possibly alter or slower the progression of LUTS/BPH, and potentially avoid unnecessary morbidities and mortalities from cardiovascular and metabolic diseases for those men. 
Introduction
Recognized since the early 1920s, metabolic syndrome (MetS) encompasses a cluster of interrelated cardiovascular risk factors, namely insulin resistance, central obesity, dyslipidaemia and hypertension. It warrants every clinician's attention as the clinical impact is related to the increased risks of coronary heart diseases, cardiovascular disease and mortality in men with MetS [1] .
There are few closely related terminology related to male lower urinary tract symptoms (LUTS). Benign prostate enlargement (BPE) means enlarged size of prostate gland with benign nature. Benign prostatic obstruction (BPO) is defined by urodynamic finding of bladder outlet obstruction related to BPE. Benign prostatic hyperplasia (BPH), indeed, refers to histological diagnosis.
There are increasing evidence for MetS and inflammation being important elements in men having LUTS related to development of BPH [2] . The understanding of the relationship of MetS and LUTS/BPH would better define our management approach in men with LUTS, not only limited to the relief of urological symptoms, but also be holistic and provide appropriate advice and management on cardiovascular risk factors optimization in men with MetS.
MetS e the definition
There has been a plethora of definitions for MetS. The consultation group on the definition of diabetes for the World Health Organization (WHO) was the first to define MetS where insulin resistance was a mandatary criterion [3] . It was not popularized as measurement of insulin resistance was difficult to apply in both epidemiological studies and clinical practices [4] .
The European Group for the Study of Insulin Resistance (EGIR) believed that insulin resistance is the major cause of MetS and derived slightly different criteria by adopting fasting insulin to measure insulin resistance and using waist circumference (WC) as a measure of central obesity [5] .
The US National Cholesterol Education Program Adult Treatment Panel (NCEP-ATP III) devised the newer definition on MetS [6] . Men having any three or more of the five components (central obesity, hypertriglyceridaemia, reduced high density lipoprotein cholesterol (HDL-C), raised blood pressure and raised fasting plasma glucose) will be regarded as having MetS. Each component carries equal importance, and no mandatory component has to be present for establishing the diagnosis of MetS. It was updated by the American Heart Association and the National Heart Lung and Blood Institute in 2005, with major modification in reducing the threshold for impaired fasting glucose (IFG) [7, 8] .
The International Diabetes Federation (IDF) aimed to develop a new set of practical worldwide criteria to better define the nature of MetS as well as for epidemiological and clinical uses. This definition considered central obesity as an essential component, taking into consideration on the ethnic differences in WC and reduction of the hyperglycemic threshold [9] .
Among these definitions, central obesity remains the important components of MetS. Understanding that increased visceral adipose tissue is associated with a range of metabolic abnormalities, decreased glucose tolerance, reduced insulin sensitivity and adverse lipid profiles, all of which are risk factors for type 2 diabetes and cardiovascular diseases [10, 11] .
To better characterize obesity while defining MetS, WC is adopted in favor of body mass index (BMI). It is not surprising to have significantly different body fat composition between different ethnic populations for a given BMI. Asian has a higher level of body fat and abdominal adipose tissue [12e14] . Chinese, Japanese and South Asian men have more visceral adipose tissue for a given WC than European [15, 16] . Therefore, the recommended cut-off values of WC have to be country-or population-specific, the commonly adopted WC using were 94 cm for Europid men, 90 cm for Asian men and 102 cm for men in US [9] .
A number of expert groups have established different diagnostic criteria for MetS. Table 1 summarized four most commonly used definitions.
Epidemiology of MetS in men with BPH: the current situation
It was almost two decades ago when the researchers observed the relationship of MetS in men with BPH. Hammarsten et al. [17] reported the first prospective study showing the correlation between prostate volume and individual MetS components in men with BPH. One large cross-sectional epidemiological study of the US population based on 2372 Third National Health and Nutrition Examination Survey (NHANES III) male participants, supporting the intermingled relationship of metabolic diseases and the etiology of LUTS [18] . The study showed that men having three or more components of the MetS had increased risks of LUTS and there are strong positive associations between glycosylated haemoglobin, history of hypertension and low HDL-C, and LUTS. In this study, however, LUTS was defined as three or more of the four American Urological Association Symptom Index (AUA-SI) and only men aged 60 years or more were included. The result from another large scale population based epidemiological study in US, known as Boston Area Community Health (BACH) Survey, was later published [19] . Men aged 30e79 years were enrolled, LUTS was assessed with sub-categorized AUA-SI as none (0e1), mild (2e7) and moderate or severe (8e35). The MetS was defined using modified NCEP-ATP III guidelines. It is noted that prevalence of MetS was increased up to approximately 40% with mild LUTS, but not further increased with moderate to severe LUTS group. This pattern of relationship was also observed for individual voiding symptoms, but not in storage symptoms. These associations were stronger in younger men (age less than 60 years). Recently, a prevalence of 26.5% of men with BPH having MetS was reported from a large cross-sectional epidemiological study from UK [20] . Comparing with the matched controls without clinical BPH, the risk of having MetS in men with clinical BPH is increased by 37%.
The worldwide prevalence of LUTS is expected to be increasing in near future, including Asia [21] . Such prevalence in Asia was estimated as 44.8% and 45.5% in 2008 and 2018 respectively. Together with the observation on the increasing trend of BMI, fasting blood glucose and systolic blood pressure level in Asian men, the impact on the prevalence and regional burden of MetS in Asian men should not be underestimated. [26] . In another Korean study on younger Korean males aged between 30 and 60 years, similarly, no difference was found in the IPSS voiding and storage subscores and QoL scores [27] . In the same study, a higher prevalence of BPE (54.0% vs. 38.1%) is observed in men with MetS.
Japanese researchers found no relationship between LUTS severity and MetS despite using three different diagnostic criteria (Japan Society for the Study of Obesity (JASSO) criteria 2005, NCEP-ATP III criteria, and IDF criteria) in both young (<50 years) and older age (>65 years) groups [28] . Interestingly, they found that the rate of moderate or severe storage symptoms was less in middle age (50e64 years) group men with MetS no matter which MetS criteria are adopted.
Favorable effects of MetS on LUTS in middle age men were echoed in another study from Taiwan, China [29] . Those men with MetS (mean age 56.4 years) were shown to have less voiding and storage symptoms, in particular in men with larger prostates and/or higher prostate-specific antigen (PSA).
According to the recently published meta-analyses, men with MetS tended to have higher total prostate volume, by difference of 1.8e10.2 mL [30e32]. Higher annual prostate growth rate in men with MetS was also reported in one of the meta-analysis [32] . However, there was no significant difference demonstrated regarding the IPSS or subdomain scores in men with or without MetS [30, 31] , and presence of individual MetS components were not shown to correlate with the risk of having moderate-to-severe LUTS [31] .
Biologic pathophysiology of MetS and BPH
Although there are epidemiological evidence suggesting the link of MetS and BPH/LUTS, the exact biological pathways are still unclear yet. Several key factors have been identified and postulated to be responsible in such pathophysiological processes.
a. Insulin resistance
Insulin is a well-known mitogen and growth factor for prostatic epithelial cells [33, 34] . Hyperinsulinaemia directly, or indirectly through obesity and its altered hormone metabolism, may increase transcription of genes involved in sex hormone metabolism [35] . It is also associated with lower sex hormone-binding globulin, thus increasing the amount of androgen and estrogen entering prostatic cells, thereby increasing the risk of BPH [36] .
Insulin-like growth factor 1 (IGF-1) has been shown to promote prostate epithelial growth [37] . IGF-1 was found to be associated with risk of BPH in two epidemiological studies [38, 39] . Insulin receptor has homology with IGF receptor. Insulin can bind to IGF receptor and activate the IGF signaling pathway to promote prostatic growth. In addition, insulin lowers with insulin-like growth factor binding protein 1 (IGFBP-1) and further increases IGF-1 bioavailability [37] .
Hyperglycaemia may increase cytosolic-free calcium in smooth muscle cells and neural tissues, leading to sympathetic nervous system activation. This activation may contribute to the increased smooth muscle tone of the prostate and may eventually worsen LUTS [18, 40] . Furthermore, hyperinsulinemia increases plasma and tissue catecholamines [41] , and may have a trophic effect on prostate cell growth [42] . Although early-stage hyperinsulinaemia might have a beneficial effect on men with LUTS [43] , chronic hyperinsulinaemia induces prostate inflammation and overgrowth, and has been shown to be associated with LUTS deterioration [44, 45] .
Nandeesha et al. [46] found that fasting plasma insulin was an independent risk factor for increased prostate gland volume. Patients who had fasting plasma insulin levels less than 7 mU/mL, had an annual BPH growth rate of 0.84 mL per year while those had fasting plasma insulin levels >13 mU/mL was 1.49 mL per year (p Z 0.015), suggesting that insulin is a promoter of BPH [42] .
In those with BPH, diabetes doubled the risk of moderate-severe LUTS [47] . Second population-based Norwegian Nord-Trøndelag Health (HUNT) Study and BACH Survey also provided similar data and further confirmed this association [48, 49] .
b. Increased visceral adiposity
Obesity results in an increased aromatase activity, leading to increased estradiol production, which further inhibits gonadotropin secretion and the production of testosterone. This hypogonadal obesity cycle results in a progressive enhanced estrogen to androgen ratio, resulting in hypogonadal state [50] .
Visceral adipose tissues secrete various bioactive substances known as adipocytokines, which can induce insulin resistance and related proinflammatory and proatherogenic effects. The reduction of adiponectin upon visceral fat accumulation stimulates glucose metabolism and fatty acid oxidation in the muscle, also enhances insulin sensitivity [51e53].
In Baltimore Longitudinal Study of Aging, each kg/m 2 increase in BMI corresponded with a 0.41 mL increase in prostate volume. Obese patients had a 3.5-fold increased risk of an enlarged prostate compared to non-obese participants [54] .
The relationship between obesity and LUTS has been controversial until the result of Health Professionals Followup Study available. It was a large population-based prospective study; enrolling 51 529 US men aged 40e75 years, with a follow-up duration of more than 16 years. It showed that increased adiposity and weight gain since youth were significantly associated with the incidence and progression of LUTS [55] .
Recently, a multi-center prospective study also suggested that central obesity (WC > 102 cm) was the main determinant of persistent storage symptoms after surgical treatment for BPH [56] .
c. Sex steroid Low androgen and high estrogen levels were found in men with LUTS and BPH, like those with MetS [57, 58] . The lowered dihydrotestosterone (DHT) level in the transition zone of the prostate promotes smooth muscle hyperplasia [59] .
Hyperinsulinaemia may cause BPH indirectly by its effect on obesity and sex hormones. In turn, abdominal obesity alters levels of insulin and sex hormones [60] . Sex hormones are involved with androgenic actions within the prostate, which activate DNA synthesis and cellular proliferation, increase the risk of BPH [60, 61] . In the canine study by Johns Hopkins, estrogen was found to synergize androgen effects, inducing more than four-fold increase in total prostate weight [62] .
d. Dyslipidaemia
Nandeesha et al. [46] reported that the level of HDL-C was lower, while level of total cholesterol and low density lipoprotein cholesterol (LDL-C) were higher in patients with symptomatic BPH than in controls. In a case-control study performed in Taiwan, China, dyslipidaemia was significantly associated with BPE compared with controls [64] .
In the Florey Adelaide Male Ageing Study, men with hypertriglyceridaemia had a lower chance of storage LUTS improvement and those with greater abdominal fat mass was associated with storage LUTS progression. Lower HDL-C level was associated with worsening of voiding LUTS [63] .
A prospective community-based cohort study from Parsons et al. [65] showed no significant association between total cholesterol, HDL-C, triglycerides, triglyceride to HDL-C ratio and the risk of BPH. Interestingly, only in the subset analysis of diabetic men with increased LDL-C, they were shown to have greater risk of having BPH.
Increased triglyceride level was not significantly associated with prostate enlargement from meta-analysis [66] , yet was found significantly associated with risk of LUTS (odds ratio (OR) Z 1.31, 95% confidence interval (CI): Finding of inflammation in prostate biopsy in MTOPS study is associated with BPH progression [74] . In addition, increased serum levels of CRP have been associated with an increased risk of overall LUTS [49, 75] and storage LUTS [76e78].
MetS is related to arteriosclerosis. Pelvic arterial tree is not an exception. In animal model, this pelvic arteriosclerosis had been shown to cause ischaemia, resulting in thickening and fibrosis of the prostate. Neurogenic relaxation in the prostate was also impaired [79] .
f. Three-hit mechanism Vignozzi et al. [80, 81] proposed a three-hit hypothesis on the pathogenesis of BPH under metabolic influence. An induced prostatic inflammation (first hit) could be autosustained by metabolic alterations (second hit) and sex steroid abnormalities (third hit). This combined actions of these two or three hits, may result in overexpression of Toll-like receptors, transformation of prostatic cells into antigen-presenting cells, activation of resident human prostate-associated lymphoid tissue andover production of growth factors, therefore contributing to the prostate remodeling and enlargement [80] .
Implication/importance of recognizing MetS in men with BPHdCardiovascular concern of MetS
LUTS seem to have an inextricable relationship with major adverse cardiac events in the male population. Men with moderate to severe LUTS have shown an increased risk of major acute cardiac events [82] . The Framingham Risk score, expressed in percentage, is a gender-specific risk assessment tool in estimating the 10-year atherosclerotic cardiovascular risk of an individual. Patients with BPHrelated LUTS showed a five-fold increase of having a Framingham cardiovascular disease risk score of 10% in men with moderate-severe LUTS [83] .
As MetS and LUTS/BPH are closely linked, even though men got only one or two risk factors of MetS, they were shown to have increased risks of mortality from cardiovascular disease and coronary heart disease [1] . Therefore, lifestyle modification and optimization of such metabolic and cardiovascular risk factors would be considered as a sensible approach in order to avoid potential cardiovascular death.
6. Role of lifestyle modifications and weight loss 6.1. Obesity, exercise and weight reduction Central obesity, an integral part of metabolic syndrome, is predictive of severity of LUTS [84] . Meta-analyses have shown a positive relationship between MetS and BPH/LUTS in men across different ethnic origins, in both Caucasians and Chinese populations despite very diversified lifestyle and diet [30, 82, 85] . Epidemiological data repeatedly show a favorable relationship between increased physical activity and weight loss with decreased risks and progression of BPH and LUTS [86, 87] . In a recent Korean prospective longitudinal cohort study, men with low physical activity (defined by an average <140 kcal of daily energy consumption during leisure time and physical activity) experienced more severe exacerbation of LUTS [88] . Similarly, men who reported higher levels of physical activity are half less likely to report LUTS, when compared to those reporting low levels of physical activity in the Massachusetts Male Aging Study [89] .
Analyses from a large population based study of 106 435 Australian men aged 45 years, demonstrated that the adjusted OR of severe LUTS decreased with increasing physical activities (high vs. low, OR Z 0.83, 95%CI: 0.76e0.91) [90] .
A meta-analysis of eight studies (n Z 35 675) stratified the physical levels of activities into light, moderate, and vigorous categories, with a sedentary category as reference. When compared with the sedentary group, the pooled OR for BPH or LUTS were 0.70 (95%CI: 0.44e1.13, p Z 0.14), 0.74 (95%CI: 0.60e0.92, p Z 0.005), and 0.74 (95%CI: 0.59e0.92, p Z 0.006) for men engaging in light, moderate, and heavy physical activity, respectively. The investigators concluded that moderate to vigorous physical activity may reduce up to 25% risk of BPH or LUTS, compared to a sedentary lifestyle [91] .
Increased central adiposity, as reflected by WC, is another factor of metabolic syndrome that significantly contributes to BPH. In 2015, a meta-regression analysis of eight studies (n Z 5403), revealed that the differences in total prostate volume were significantly higher in older and obese patients [26] . When WC, an indicator of central obesity, was introduced together with age and PSA level as further covariates, it still stands as an independent factor in association with overall and transitional zone prostatic volume increment [26] . This is concordance with previous meta-analysis that reported obesity (as measured by BMI) increased 28% risk of having BPH [92] .
Diet and micronutrients
Few studies evaluated the association between diet and LUTS, results have been heterogeneous and inconclusive.
Focusing on the role of fruit and vegetable on prostate health, 2000 Southern Chinese elderly men were prospectively followed up through 4 years [93] . High levels of fruit and vegetables (>350 g/1000 kcal/day) were significantly associated with reduced IPSS score, relative to the moderate groups (250e350 g/1000 kcal/day). High intake of dark and leafy vegetables (>50 g/1000 kcal/day) significantly reduced the risk of LUTS progression by 37.2% (OR Z 0.628, 95%CI: 0.466e0.848, p Z 0.002) and risk of symptomatic BPH by 34.3% (OR Z 0.657, 95%CI: 0.442e0.976, p Z 0.038) after 4 years compared with the moderate group (25e50 g/1000 kcal/day). Consumption of fruit and vegetables rich in b-carotene, lutein and vitamin C was inversely related to BPH [94] . Interestingly, consumptions of such micronutrients must be via diet and not supplements [95] . Alcohol consumption of seven drinks or more per week is independently associated with increased risk of moderate to severe LUTS in Chinese men [96] .
Lifestyle factors emerge as a novel opportunity for the prevention and treatment of BPH and LUTS. Randomized controlled trials are yet to be carried out to ascertain the association between exercise, diet and weight loss on the prevention, development or progression of LUTS. Despite so, promotion of healthy lifestyle is definitely beneficial in the context of MetS and cardiovascular disease. Time will tell their impact on BPH and LUTS.
Role of statin
The use of statin-hydroxy-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors has been associated with a 6.5-to 7-year delay in the new onset of moderate/severe LUTS reported by St Sauver et al. [97] . This cholesterol synthesis inhibitor may provide a dualistic benefit in prevention of coronary heart disease events and LUTS progression.
A recently published meta-analysis has demonstrated the connection between triglycerides and LUTS severity. The pooled OR (95%CI) of patients with triglycerides level 150 mg/dL having moderate-to-severe LUTS was 1.31 (1.01e1.71) [98e100].
After adjusting possible metabolic syndrome related confounding factors, men across all age groups taking statin reported a lower incidence of moderate to severe LUTS compared to those not taking statin [97] . Results from the BACH Survey also confirmed that use of statin is associated with lower incidence of LUTS in older men [101] . The lengthiest duration of statin usage was associated with the lowest risk of developing moderate to severe LUTS [97] .
Simvastatin and atorvastatin significantly reduced prostate volume, improved LUTS, and slowed the clinical progression of BPH possibly by lowering cholesterol and antiinflammatory factors [102, 103] . The decrease in prostate volume was more significant in those receiving simvastatin than those receiving atorvastatin; in the obese than in the normal weight patients; and in the hyperlipidaemia patients than in the normal-lipid patients following the statin interventions [102] . The reduction in prostate volume was positively related to the decreases in the levels of total cholesterol and IL-6 and to the increase in the level of HDL-C [102] . A small intervention studies investigating the efficacy of lovastatin [104] provided contradicting data, where usage of lovastatin showed no effects on LUTS. The only randomized control trial by Mills et al. [105] also found no difference between atorvastatin and placebo mean IPSS change after 6 months in men with BPH.
The large prospective Health Professionals Follow-up Study (n Z 51 529) added onto existing conflicting data. Statin use was unlikely beneficial on the incidence or progression of LUTS. Participants were relatively affluent in this study population, authors suggested they may be healthier men with better access to healthcare and hence less need for statin medication, this may account for difference [106] .
Majority of the existing studies are limited by small sample sizes, inability to control for confounding, crosssectional designs and short follow-up interval. This raises our attention to the need of high-powered studies with longer follow-up interval to define the preventive and therapeutic role of statin in BPH/LUTS.
Role of biguanide
Metformin is an oral biguanide class anti-hyperglycemic agent and insulin sensitizer which inhibits hepatic gluconeogenesis and enhances peripheral glucose uptake [107] . It also possesses anti-neoplastic activity through induction of apoptotic signaling and cell cycle arrest. In basic science research conducted, metformin has been shown to attenuate the proliferation of prostate epithelial cells [108, 109] .
Since insulin resistance is shown to be an independent predictor of severe LUTS [110] , reducing insulin resistance may serve as a means to prevent LUTS.
Using the Olmsted County Study of Urinary Symptoms and Health Status among Men and the Flint Men's Health Study, Sarma et al. [111] looked into the use of oral hypoglycemics and its relationship with LUTS and BPH. The odds of moderate or severe LUTS was found significantly greater in men with diabetes (age-and race-adjusted OR Z 1.37, 95%CI: 1.00e1.87) compared with men without diabetes. For the men suffering from diabetes, those not taking medication had greater odds of moderate or severe LUTS than those taking medication. However, prostate volume and PSA level were not significantly associated with diabetes treatment. Authors suggest that the presence of diabetes and subsequent poor glycemic control might be less related to prostate growth and more to the dynamic components of lower urinary tract function.
However, a small population-based study of African American men aged 40e79 years did not show significant associations between hyperglycemia, hyperinsulinemia, and insulin resistance and burden and progression of BPH after adjustment for age and BMI [112] .
Additional evaluations of the associations between glycemic control and BPH progression are warranted.
Conclusion
LUTS/BPH are linked with chronic inflammation, where MetS played an important role in the pathogenesis. Clinician should be alert in identifying MetS and understanding the associated cardiovascular risks in men with LUTS. Lifestyle modification and optimization of cardiovascular and metabolic risk factors may possibly alter or slower the progression of LUTS/BPH, and potentially avoid unnecessary morbidities and mortalities from cardiovascular and metabolic diseases for those men.
